01/29/01 11:47 FAX 5093785106 



EMSL IPS 

I tor -ybfiT-lfanij'&DOTTTtttoti 



(2)003 



PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application- of : 

Wangctal. ... 
A pplication Xf n 09/3.75,615 

Filed: Aug 17, 1999- 



For: A METHOD AN) > G AT AL YST 
STRUCTURE FOR STEAM 
REFORMINCTOF A 
HYDROCARBOM 



A£LUmtL.1764 
Examiner; Bv Yildirini- 
Atty Docket: B-1482^ 




DECLARATION PURSUANT TO 37 C.F.R. § 1,132 



Assistant Commissioner f>r Patents 
Washington, D C 20231 

Sir:., 



1 I, Yong Wang, received a Ph.D. in Chemical Engineering from Washington State 
University in 1993, Sin< e that time, Ihave been employed by the Baltette Memorial 'Institute in the 
Pacific. NorthwesUNational -Laboratory- inRiehlantfc Washington: My current jotrtitle at Battelle is 
Chief-Scientist. ' ... 



O 



2. Alk of; the data- described in this Declaration andr aecompanying attacliments. wis 
collected at the Pacific Nort iwest National I-aboratory. The data was obtained by myself and/br by my 

^ O' 

coworkers- I have person afknowledge of thr conditions tmderwhieh^this- data was acquired, 

o 
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The data $ei forth in Attachments 1-4 was collected over the powder catalyst described 



in the patent application. As stated in the application, this catalyst was prepared by The cuppofUd - 

oQiulyst- war , prepar e d by (1) calcining a- high- surface area-- y-AljO^at- 50.CK -C-for 5- hours;. (2) 
impregnating the y-Al,0 3 with MgO using the incipient wetness technique with a solution of magnesium 
nitrate; and obtaining an I4gO mo dilTed ? V-Al 2 C^ support; (3 ) dty 
tor 41i6un5 followed hy (4) a-secondcalclnati^ 

snppgttWTllrRhj©^ (6) followed 

by a final drying 1 10 °C for 4 hours and (7) a final calcination at 500 °C for 3 hours lo obtain a powder 
of the supported catalyst. 

A microreactor w;is constructed of a quartz tube with 4inm ID and 6.35 mm OD. About 0.2 
g^of powder of supported catalyst was place&ire the iiucror eaclOT- in a packed bed- arrangement. 

4. The Table entitled "Powder Catalyst ..." (Attachment 1) ihows that the in venlive. method 
(that is, steam reforming at short residence times over a spinel-supported" catalyst) enables steam 
reforming of a-variety of hyilrocarbons-including methane, butane^ isooctanc^ synthetic crude, gasoline, 
dicscl, and JP-8. Convosions of 60% or greater were observed in each case. Carbon monoxide 
sdcetivities we^ (9&69>~ methajic (61.7). butane (4 -1.2% 
isooctane (39.9) ? synthetic crude (26.9), gasoline (20.7) 7 dicscl (35.9) and JP-8 (27.5). 

5. The graph entitled "SR of Butane ..." (Attachment 2) shows that the inventive method 
enables steam reforming of Dutane at a steam-to-carbon ratio of 3 with high conversion of hydrocarbon 
throughout thetemperature range-of 60Q to-900°C. 
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6. The graph entitled "Effects of Steam Ratio" (Attachment 3) shows that at a residence 
time of 635 msec, greater than 50% hydrocarbon conversion was obtained throughout the range of 
steam-to-earbbn ratio of from- 1 to^ 3, Higher steam-to*caxbon ratios- results trrhigher methane 
conversions and lower CG selectivity, 

7. ' The^grapfa^btith^"fr . /' (^achment4>shows^xeett^ 
mc1toane t steaiikrefan^^ at,a residence-time of 6:15 msec and,900 °G throughout the range of 
steam-to-carbon ratio of fiom 1 to 3. 

8;- Tht^graph>;nliUed^^ 
utilizingrthii inventive- met^^ 

catalyst configurations, arrangements, and short residence times. The graph entitled "Engineered 
Catalysts - Various F6nro:COSeIectivity'* ( Attachment^) shows that* utilizing the inventive method, 
£0- seleetivities-- less- than about 70%-carr be obtained^ ovet~a variety- of- catalyst configuration 
arrangemenis^ and short reiidenee t^ Froofcthe=graplv_o£CO seleciivities-it -can-be^een that higher 
pressures yield a lower percentage of GO: 

Borom--D£ll.aiX)-] 0, C50> : and- DCllXL-catalysts-contaaied- a- catalyst-of, 13>#?/<>~llhl6%- 
MgQ/Al 2 Oj on.a metal felt >^FeGr Al alloy,(the a) Joy wan obtained ftom.T.echnetics,,Deland^Elorida> 
13.8wt%Rh6wt%MgO//J 2 O a powdered catalyst was prepared by 1) calcining a high surface area 
gamma-alumina at 500 *C for 5 hours; 2) impregnating the gamma alumina with WgO using the 
mcipienl-wetaes^- method wi^ and~obtaining an MgO 

iwKlified gamma, aUim^ dryin^tfl^modified-support atrl 10°C for4 hoursfollowed by 4) 
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a second calcination at 90C °C for 2 hours; 5) impregnating the modified support with Rh^O^ with the 
incipient wetness method fiom a rhodium nitrate solution; 6) followed by a final drying at I I0 p C for 
4 hours and a 7) final calcinations at 500°"C for 3 hours to obtain a powder of the supported catalyst 
The powdered catalyst w; is hatr-miUed"ovem 

desired loadmg is achieve! The coated-eatalyst was dried at 9(y°C ovemighl-and calcined at 350^€ 
for four hours. Prior to thf catalyst evaluation, catalyst was reduced in 10%H 2 /N 2 (100ec(STP)/min) 
attire for four hours. 

Atr.c xpcrimci i ts^ ^ for 
methane steam refining. Hie microchannel was placed within a tube iumace to, provide the required 
endothermic reaction heat 5F101010 consists of two single felts. Both felt catalysts have the identical 
dimensions (0.01 M x0.3S M x2 '), and were evaluated in a single channel device (0.03 M x 0.35"x 2" / 0.075 
tmx 088 em x 5 0 an); T^vofelts with a gap of 0;01 M wereplaced farthe single c h anne l device so that 
both felts were in close contact with the walls. The catalyst chamber volume is defined as the single 
channel volume:(0:G3^x OSS^x 2" / O.G75- enrx 0: 88 cm x 5.0 cm). 

C50 catalyst was c< «nfigured as follows. Felt with a thickness of 0.01" (0.025 cm) was crimped 
into a corrugated form, and is called a ruffle. Ruffles studied in this work have a lixed wave length of 
0AL7 M (0.295-cm}andafo (0.88 
cm) in widlh and 2" (8.0 art) length. Reactants flow in the direction perpendicular to the waves. Single 
rufjle was snug-fitted into a single channel device (0;05 ,! xO.^5 n x2 t? ), which confines the catalyst 
chamber volume; DC TTOTas a double ruffiexonfigu^ identical 
rufflesiwithza,shinL(O.Ql" i:0..35_ H x 2" /.0;025_cmr^0.88rGm:X,5.0 cm)rin.betwee&_ Double.ruffle was 
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evaluated in a wider single channel device (0.11"x 0.35"x 27 0.28 cm x 0.88 cm x 5.0 cm\ which 
confine^thecatalystGhaunsber. volume, 

9.. . Lhereby declare thataU ^ternents made- herein ot my own knowledge are-truc and that 
all statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements are punishable by line or imprisonment, or 
both7 under Scctitm-J 001 of Title T8 oftiie United IStafes Code; 
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Powtter catatyst perf omtance wmrB=1 4: a catalyst using vaftous-nydiocarbon fuete 
r7T=7 rri2Q/ C ltomp>C |P, atm ITcont.s 



Ihc 



butane 



gyn crude 



diese) 
JP-8 



temp, C 



P. atm 



375 



631 



600 



SSO 



575 



650 
650 
650 



Treses 



0 035 



0.025 



0.Q2S 



005 



0.025 



0.025 

jT5H 



Coiw.% 



0.025 



0:011 



0.011 



,0.011 



0.024 



0.011 



0011 
0.011 



S to HZ% 



82.9 



96:56 ^ 



100 



100 



100.5 



60 



9X2 
95 



S to CO% 



92.72 



100 



61 



87 



87.7 



Toff 



~iS\ 



90.69 



11.2 



39.0 



26 9 



20, 



35:9 

27.5 



H2'productivtty f mmol/^/cc cat 



Q.49 



1.33 



0.75 



1.06 



0:53 



0.73 



1.12 
0.90 v 
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